Amomum xanthioides, family Zingiberaceae, is a tropical and subtropical medicinal plant [1a] . In Asia, this herb has been traditionally used to treat digestive disorders for over two thousand years [1b] . Previous studies on the chemical constituents of Amomi Fructus (AF) have reported volatile oils, saponins, flavonoid glycosides, organic acids, and inorganic acids [1c] . Volatile oils from A. xanthioides were often used for elimination of phlegm, improvement of appetite, warming the spleen, treatment of diarrhea, and prevention of abortion [1d] . Mast cell-mediated allergic reactions are inhibited by 70% aqueous-ethanolic extracts of AF through the inhibition of histamine release and production of inflammatory cytokines [1e] . In this study, we isolated fourteen phenolic compounds from AF, the structures of which are closely related to gallic acid (3,4,5-trihydroxybenzoic acid), a phenolic product of gallnut and green tea with diverse biological activities [2a] . Previously, we showed that phenolic glycosides isolated from Lindera obtusiloba exert an anti-allergic inflammatory effect by inhibition of histamine release and reduction in the expression of proinflammatory cytokines [2b]. Therefore, we evaluated the antiallergic inflammatory properties of the compounds isolated in this study.
The methanolic extract of AF was dried under reduced pressure. The dried extract was suspended in water, and subsequently extracted with n-hexane, methylene chloride, ethyl acetate, and n-butanol. The organic fractions of AF were examined for the inhibition of histamine release and decrease in the expression of inflammatory cytokines, and the methylene chloride (MC)-soluble fraction showed a potent inhibitory effect (data not shown). The MC-soluble fraction was subjected to silica gel chromatography and reverse-phase HPLC to afford fourteen compounds (1-14). These were identified by spectroscopic examination as 4-hydroxybenzaldehyde (1) [3a] , 3,4-dihydroxy-benzaldehyde (2) [3b], 3,5dimethoxy-4-methylbenzaldehyde (3), syringic aldehyde (4), benzoic acid (5), 3,4-dihydroxybenzoic acid (6), vanillic acid (7), 3-hydroxy-2-methoxybenzoic acid (8), o-vanillic acid (9) [3a] , p-hydroxyphenylacetic acid methyl ester (10) [3c], tyrosol (11), pyrocatechol (12), 1,2,4,5-tetramethoxybenzene (13), and 3,3',5,5'tetramethoxybiphenyl-4,4'-diol (14) [3a] . (4) 2015 Choi et al.
Histamine released from mast cells is one of the most important mediators of allergic reactions and histamine release can be a therapeutic target for allergic disorders. Pro-inflammatory cytokines are the key regulators of various inflammatory responses such as recruitment and activation of the cellular immune system and tissue remodeling in chronic inflammation [4a] . Phenolic compounds structurally similar to gallic acid have antioxidant [4b], antiinflammatory [4c], and anticancer activities [4d]. To evaluate the anti-allergic activity of the compounds obtained from AF, we examined the inhibitory effects of the fourteen phenolic compounds (1-14) on histamine release and the expression of IL-6 and TNF-α genes in human mast cells. Our results showed that all compounds (1-14) isolated from AF inhibited the expression of proinflammatory cytokines and the release of histamine in mast cells. In particular, compounds 9, 11, and 13 showed a significantly greater inhibition of the expression of IL-6 and TNF-α in mast cells than gallic acid. Compounds 13 and 14 showed 65.1% and 71.5% inhibition of histamine release, respectively, at a concentration of 10 μM (Table 1) (Figure 1 ). Among the tested compounds, two benzaldehydes with a methoxy group in the meta positions (3 and 4) showed greater inhibition of histamine release than compounds 1 and 2. Benzene and biphenyl with a tetramethoxy group (13 and 14) significantly inhibited the release of histamine. In our study, phenolic compounds with ortho or meta methoxy substituents showed a much stronger inhibitory activity than other phenolic compounds. Further studies are required to determine the structure activity relationship.
Experimental
Plant material: The fruits of A. xanthioides Wall. were purchased from Yak-Ryung-Si Market in Daegu, Korea, and identified by Dr Seung Ho Lee, College of Pharmacy, Yeungnam University. A voucher specimen (YU00194) has been deposited in the Natural Product Laboratory at the Yeungnam University, Korea.
Extraction and isolation:
Dried fruits of A. xanthioides (9.5 kg) were extracted with methanol (MeOH, 15 L × 3) at room temperature. The extract was concentrated in vacuo to afford a black gum (440.0 g), which was dissolved in water and continuously partitioned with solvents, and then concentrated to give four fractions, n-hexane (120.1 g), methylene chloride (MC) (32.7 g), ethyl acetate (EtOAc, 9.8 g), and water (275.1 g). The MC-soluble extract (32.7 g) was chromatographed by silica gel liquid chromatography eluting with a gradient mixture of 100% MC to 100% acetone to afford 7 fractions (AF1-AF7). Fraction AF3 (101.2 mg) was purified using preparative HPLC (20 × 250 mm, Shim-Pack Prep-ODS; flow rate, 6.0 mL/min) and eluted with MeOH:H 2 O (gradient from 30:70 to 60:40) to afford compounds 1 (12.7 mg), 2 (27.1 mg), 3 (14.5 mg), 4 (9.4 mg), 13 (5.2 mg), and 14 (5.1 mg). Fraction AF7 (1.7 g) was chromatographed by silica gel CC with a MC and MeOH gradient mixture (10:0 to 9:1) to afford two sub-fractions (AF7A and AF7B). AF7B (121 mg) was purified using preparative HPLC with a gradient of MeOH-H 2 O (10% to 45%) to afford compounds 5 (13.8 mg), 6 (24.1 mg), 7 (35.1 mg), and 11 (7.2 mg). The EtOAc-soluble extract (9.8 g) was chromatographed on a silica gel column and eluted with a gradient mixture of 100% MC to 100% acetone to afford 6 fractions (AFET1-AFET6). Fraction AFET1 (237.2 mg) was purified using preparative HPLC with a gradient of MeOH (20% to 50%) to afford compounds 8 (5.1 mg), 9 (7.4 mg), 10 (14.1 mg), and 12 (3.7 mg).
Histamine assay:
The levels of histamine from mast cells were measured using the o-phthaldialdehyde spectrofluorometric procedure, as previously described. [2a] .
RNA extraction and semi-quantitative reverse transcriptionpolymerase chain reaction:
The total cellular RNA was isolated from the cells (1×10 6 /well in 24-well plates) pre-incubated with compounds 1-14 for 30 min after stimulation with PMA (40 nM) and A23187 (1 μM) for 2 h using RNAiso Plus reagent (Takarabio Inc., Shiga, Japan) according to the manufacturer's protocol. The complementary DNA (cDNA) was synthesized from 2 μg of total RNA using the Maxime RT-Pre Mix Kit (iNtRON Biotechnology, Daejeon, Korea). Reverse transcription-polymerase chain reaction (RT-PCR) was used to analyze the expression of mRNA for TNF-α, IL-6, and -actin (internal control) using the Maxime PCR-Pre Mix kit (iNtRON Biotechnology). Primers were obtained from Genotech (Daejeon, Korea) and the conditions for reverse transcription and PCR steps were similar to our previous research [2a] . Each value represents the mean standard error (SE) of 3 independent experiments. Statistical analyses were performed using Prism5 (GraphPad Software, San Diego, CA), and effects of the treatment were analyzed using a one-way ANOVA and then Dunnett's test. P < 0.05 was used to indicate significant differences.
